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@ Extracellular Serratia spp. enzymes have been found to 
be excreted by another gram-negative organism harbouring 
a plasmid carrying DI^A from Serratia spp. encoding the 
enzymes. This organism, e.g. E. coli. is therefore employed 
to produce the enzymes, specific examples of Serratia 
spp. enzymes produced are a nuclease, a lipase and a 
phospholipase. The nuclease may be employed to remove 
nucleic acids from a biological material. 
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The present invention relates to a method of producing bacterial 
enzymes and to hybrid plasmids and microorganisms useful in the 
method. The invention further relates to the use of one of the enzy- 
mes, nuclease, for removing nucleic acids from a biological material, 
as well as to a regulatory region useful for initiating gene expres- 
sion. 



Serratia spp. have been found to produce a number of hydrolytic 
enzymes which are excreted into the culture medium. This is in 
10 contrast to other gram-negative bacteria, in which proteins are pre- 
ferentially excreted to the periplasmic space rather than to the sur- 
rounding medium. Such periplasmic proteins tend to leak into the 
culture medium, especially when the cells are grown to high densities. 

According to the present invention, DNA encoding extracellular 5er- 
15 ratio spp. enzymes (that is, extracellular when expressed in Serra- 
tia), has been isolated, and microorganisms suited for the industrial 
production of gene products and harbouring the Serratia DNA have 
been grown and have been found to produce the Serratia enzymes. 

It was also found that when hybrid plasmids containing inserted DNA 
20 encoding an extracellular Serratia spp. enzyme were harboured by 
another microorganism which, in itself, does not usually excrete its 
gene products into the culture medium. I.e. E. co//, the Serratia 
enzyme was, to some extent, excreted by f . coii into the culture me- 
dium (cf. Examples 1 and 6). It is therefore possible to partially 
25 purify the portion of the Serratia enzyme excreted into the culture 
medium from the E, coii cells in a relatively simple way, for instance 
by filtration to remove the £. coii cells, and precipitation of the 
enzymes from the filtrate, for instance with ammonium sulphate. In 
the present context, the term "excrete" is understood to mean trans- 
30 port of a gene product through at least the cytoplasmic membrane of 
the cell. 
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Thus, one aspect of the invention relates to a method of producing a 
bacterial enzyme, comprising cultivating, in a culture medium, a mi- 
croorganism harbouring a hybrid plasmid which contains DNA from 
Serratia spp. encoding an extracellular Serratia spp. enzyme, and 
harvesting the enzyme from the culture. 

In a particular embodiment, the invention relates to a method for pro- 
ducing Serratia spp. enzymes substantially free from other bacterial 
proteins, in which a portion of the enzyme is excreted from the 
microorganism into the culture medium and harvested from the culture 
medium. 

The cultivation of the microorganism is preferably performed in a 
liquid culture medium containing the nutrients and minerals required 
for the optimal growth of the microorganism. The harvesting of the 
enzyme may be performed in a manner known per se. As mentioned 
above, the purification of the enzyme may be performed by filtration 
to remove the host cells, and precipitation of the nuclease from the 
filtrate. Normally, the precipitate is then dissolved in a suitable buf- 
fer, e.g. Tris-EDTA, followed by dialysis to remove the precipitation 
agent. 

Examples of hydrolytic enzymes produced by Serratia spp. are a 
nuclease which hydrolyzes nucleic acids into nucleotides, oligonucleo- 
tides, or smaller nucleic acid fragments, and a lipase and a phospho- 
Itpase which hydrolyze fatty acids from lipids and phospholipids. 

The microorganism is typically a bacterium, preferably a gram-nega- 
tive bacterium. It is normally not desirable to employ Serratia spp. 
for the production of the Serratia spp. enzymes, as Serratia spp. are 
opportunistic pathogenic bacteria, which may limit their utility as 
production microorganisms. Furthermore, Serratia spp. produce an 
extracellular protease which may contaminate the desired product. The 
preferred gram-negative bacteria for use as production microorganisms 
for the production of the Serratia spp. enzymes are bacteria generally 
employed for the production of gene products such as f . coii. 
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Th invention also relates to a hybrid plasmid which carries DNA from 
Serratia spp., encoding an extracellular Serratia spp. enzyme as 
described above. 

Plasmids useful as vectors for the production of the enzymes accor- 
5 ding to the invention may be any type of plasmid usually employed 
for this purpose which is able to replicate in the microorganism in 
question. Plasmids which may be used to produce large quantities of 
the enzymes in question are, e.g., the so-called runaway plasmids, 
that is, plasmids with a conditionally uncontrolled replication behavi- 
10 our. Plasmids showing this behaviour are disclosed, in, for instance, 
US Patent No. 4,495,287 and European Patent Application, Publication 
No. 0109150. 

Bacterial nucleases are enzymes which are of considerable value in the 
purification of, e.g., proteinaceous products prepared by the fermen- 

15 tation of microorganisms such as products prepared by the fermenta- 
tion of cells modified by recombinant DNA techniques and producing 
products not naturally associated with the cell in question. An impor- 
tant step in the purification of these products is to separate the 
proteinaceous products from nucleic acid derived from the cells. This 

20 purification, when performed by standard chemical treatments such as 
precipitation of the nucleic acids, incurs a risk of loss of the desired 
product produced by the cells due to the high viscosity of the mate- 
rial containing the desired product which renders separation thereof 
difficult, whereas the decomposition of the nucleic acids by means of 

25 nuclease does not incur any substantial loss of the desired product. 
Also, the efficient and complete removal of nucleic acids from the 
products is important, e.g., when the products are to be used for 
administration to human beings, as It Is a requirement by health 
authorities in some countries that the product should not contain any 

30 hybridizable DNA from the cells employed to produce the product In 
question. 

Therefore, a highly interesting enzyme produced by Serratia spp. is 
a nuclease which has been found to be very potent and which is of 
great industrial importance for the removal of nucleic acids from a 
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biological material, in the present context, the term "removal of 
nucleic acids" is intended to indicate that long nucleic acid sequences 
are degraded to shorter fragments or oligonucleotides or, in some 
cases, to mono- or dinucleotides. This means that the products re- 
5 suiting from the nuclease action are rather easy to remove by conven- 
tional separation methods. 

Accordingly, the present invention further relates to a bacterial 
nuclease which is a Serratia spp. nuclease with the following amino 
acid sequence (deduced from the DNA sequence in a manner known 
10 perse, and including the N-terminal signal peptide): 



MecArgFheAsziAsnLysM&cLeuAlaLeuValAlaLeuLeuPheAlaAlaGlnAlaSer/^laAsp 

ThrLeuGluSerlleAspAsnCysAiaValGlyCysProThrGlyGlySerSerAsnValSerlleValArg 

HisAlaTyrThrl^uAsnAsnAsnSerThrThrLysPheAlaAsnTrpValAlaiyrHisneThrLys^^^ 

ThrProAlaSerGlyLysThrArgAsnTrpLysThrAspProAlaLeiiAsnPrQAlaAspThrLeuAlaProAla 

AspOyrThrGlyAlaAsnAlaAlaUuLysVaUspArgGlyHisGliU^laProUuAlaSerUuAlaGl^ 
ValSerAspTtpGluSerLeuAsniyrLeuSerAsnUelhrFroGliiLysSerAspIeiiAsnGlnGlyAla 
TrpAlaArgLeuGluAspGlnGluArgLysLeuneAspArgAlaAspneSerSerValTyrllurValThr 

GlyProI^uiyrGliiArgAspMecGlyLysLeuI^oGlylhrGltiLysAlaHislhrneProSerA^^ 

T^LysValHel^eneAsnAsnSerl^oAIaValAsnHlsiyrAlaAlaFheLeuFheAspGlnAsa^ 

ProLysGlyAlaAspPheCysGlnPheArgValThrValAspGa.uUeGa.ia-ysArgThrGlyLeun^ 

TtpAlaGlyLeuProAspAspValGlnAlaSerUuLysSerLysProAlaSerCysArgSeij 
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The enzyme may, for instance, be produced by the method described 
above. 

For special applications, such as when a nuclease is to be used for 
removing residual nucleic acids from an otherwise substantially puri- 
5 fied biosynthetic product (as described in further detail below), the 
enzyme should preferably be in substantially pure form. In order to 
obtain the substantially pure enzyme, a crude enzyme preparation may 
be partially purified by ultrafiltration or precepltation with, e.g. am- 
monium sulphate, and subjected to further purification by, for instan- 

10 ce, chromatography (such as ion exchange chromatograpy or affinity 
chromatography) or preparative gel electrophoresis. In some cases, it 
will be an advantage to provide the enzyme in immobilized form on a 
suitable matrix as this may facilitate an easy removal of the nuclease 
after use and also makes it possible to use the enzyme once more. 

15 Examples of such matrix materials are dextran or agarose gels or an 
inorganic material such as a siliceous material, e.g., silica and silicic 
acid and derivatives thereof. The immobilization may be performed in 
a manner known per se. 



Another enzyme of potential interest is. a phospholipase produced by 
20 Serratia spp. The present invention therefore relates to a Serratia 
spp. phospholipase encoded by the following DNA sequence: 
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TACTCATACGGAAATTCAAMTCGAGACXnX^ 

<XXGCTCGGACGCCGTGCGCX:CXnTUaXX:C^ 

GCTGGTCGGCGAtATCXCAGCOGCGCaCCa 
OGACCAOXGCTAXAGACICaXXXXXTO^^ 

CmXCnriCGCXATCGATCCCGCCACXXn^ 
GAGCCAAAGCCGXAGCrAGG(X:C3GTCC3GACCnXXnXXXX:CO^^ 

GTOT(X5CCmx:GCCGGCACCAAgGA€nGGC(mA^^ GAaX3GCTA3X3ACGATCTGCAGtAC 

CACAACCQCAAGCQCXXXmxnTGCTGACaXX^^ Cn!G0CCGAX^^Crn3CI&GACG^ 

AATCAax:G(nTOCC(XrrGCCAAAAGCCGCCAAGG(:^ 
TIAGTCCGCCAACGGaSACGGITTTC^ 

CTGGOJGCCACCX^CCGCGCTCaG^ 
GACCGCC(XriXXX:GGCGCGACCXXTOGCCGTGGC^ 

GGGCATCGATCCamXAGCGAAGAA^ 

(XCAOGAGTCGACaXX^CTGATCCCOJATtXrCATCt^ 
GGCnraTCAGCTGGAGOGACXAG«X;CTACGGI^ 

CT(XX:ax:CGAGCAAACATCTCGATOXMCTO 
t;ACCCX:CG(XnXCTTTGXAGACCXAGCGia;^ 

TGGGAGGCGAAGGCCAATGOC^^d 
ACCCTCCGCTTCCGGTEACOGACT 

In a further aspect, the invention relates to a composition for re- 
moving nucleic acids from a biological material, which composition 
comprises a Serratia spp. nuclease. In the present context, the term 
"biological material" is understood to indicate any material in which at 
least one component is of biological origin. The term is therefore in- 
tended to include a solution of nucleic acids alone (for instance origi- 
nating from in vitro laboratory work), a fermentation medium contain- 
ing a cell culture producing a biosynthetic product, a fermentation 
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medium in which a cell cultur producing a biosynthetic product has 
been grown (and which may therefore contain this product as well as 
nucleic acids originating from spontaneous cell rupture), or a resus- 
pension of a cell culture, which produces a biosynthetic product, 
5 after the cells have been harvested from the medium, e.g. by centrl- 
fugation, the cell culture comprising either whole or lysed cells. 

The term "biosynthetic product" is understood to mean a product 
which may be a protein, polypeptide, glycolipid carbohydrate or low 
molecular weight compound. Nucleic acids are particularly important 

10 contaminants when the biosynthetic product is not excreted from the 
cell, necessitating cell lysis in order to harvest the product, in that 
they impart viscosity to the cell lysate to such an extent that the 
purification of the product is rendered difficult. To reduce the visco- 
sity of a ceil lysate, it is therefore advantageous to provide a compo- 

15 sition which contains a nuclease such as a Serratia spp. nuclease of 
the invention. The nuclease may, for instance, have the amino acid 
sequence shown above. The nuclease composition of the invention 
should preferably be substantially free from proteolytic activity as the 
presence of proteases in a composition of this nature would be a most 

20 serious cause of degradation of the proteinaceous products produced 
by the cell culture. The nuclease prepared by the method of the 
present Invention, the gene coding for which has been obtained from 
a Serratia spp. organism has in fact been found to be substantially 
free from proteolytic activity (see Example 2); it should be mentioned 

25 that a substantially protease-free composition is particularly important 
when the composition is to be used to remove residual nucleic acids 
from an otherwise purified proteinaceous product since, when the 
nuclease is added to an unpurified cell lysate, the proteolytic activity 
of the lysate itself will far exceed any proteolytic activity remaining 

30 in the nuclease composition. The substantially protease-free nuclease 
composition is therefore particularly advantageous to use (in sub- 
stantially pure form, of course) in connection with proteinaceous 
products which have already undergone several purification steps. 

Experiments have shown that even when an excess of nuclease is 
35 added to a cell lysate ( xcesslve to a r duction of the viscosity 
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ascribable to the nucleic aci'd components of the lysate), a minor frac- 
tion of nucleic acids may remain to contaminate the proteinaceous 
product. This is believed to be the result of a "masking" of the 
nucleic acids, for instance through interactions of nucleic acids with 
5 membrane and/or protein components of the lysate. However, complete 
removal of nucleic acids (defined as the absence of nucleic acids 
hybridizable by DNA or RNA probes) is often required by the health 
authorities in several countries (e.g. the FDA) when the biosynthetic 
products produced by recombinant DNA techniques or from tissue 

10 cultures are to be used for medical purposes. When such products are 
to be used for other purposes where the presence of even minute 
amounts of nucleic acids might interfere with the desired result, the 
complete removal of residual nucleic acids is also highly desirable. 
The present inventors have found that such residual nucleic acids 

15 may be completely removed when certain detergents or protein dena- 
turing agents are added together with the nuclease. For applications 
requiring the complete removal of nucleic acids, it is therefore advan- 
tageous that the composition of the invention comprises a nuclease, 
such as a Serratia spp. nuclease, together with a detergent and/or a 

20 chaotropic agent. The detergent may, for instance, be a non-ionic 
detergent such as a polyoxyethylene alcohol, e.g. Brij® 58 or an 
octoxynol, e.g. Triton® X-100, or an ionic detergent such as sodium 
dodecyl sulphate (SDS) or a deoxycholate such as sodium deoxycho- 
late. The chaotropic agent may be selected from urea, thiourea or a 

25 salt of thiocyanic acid. 

In a still further aspect, the Invention relates to a method of re- 
moving nucleic acids from a biological material (as defined above), in 
which a Serratia spp. nuclease is added to the biological material. 
More particularly, the method of the invention is useful in a variety 

30 of situations where contamination with nucleic acids is a problem, 
such as where the biological material comprises a waste solution or 
suspension of nucleic acids resulting, for instance, from tn vitro ex- 
periments with nucleic acids and contaminating laboratory equipment; 
where the biological material comprises a fermentation medium con- 

35 taining a cell culture producing a biosynthetic product (as defined 
above), in which case the nuclease may be add d before or after cell 
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lysis in a sufficient quantity to s cure the removal of the bull< of the 
nucleic acids in the material; where the biological material comprises a 
fermentation medium in which a cell culture producing a biosynthetic 
product has been grown and from which the cells have subsequently 
5 been removed, in which case the medium may contain a certain amount 
of nucleic acids due to spontaneous cell rupture and optionally a bio- 
synthetic product excreted from the cells into the medium; and where 
the biological material comprises a resuspension of a cell culture 
producing a biosynthetic product after the removal of the fermentation 

10 medium, in which case the nuclease may be added before or after cell 
lysis. The nuclease may be the one which has the amino acid sequen- 
ce shown above. The present inventors have found that particularly 
advantageous results may be obtained when the nuclease of the inven- 
tion is added to the biological material prior to cell lysis. Experiments 

15 have demonstrated that a high degree of reproducibility with respect 
to the elimination of the viscosity of lysates of, for instance, £. coli 
(such as freeze-thaw lysates and French Press lysates) is obtained 
when the nuclease is added to the^ cell culture (suspended or in 
medium) prior to cell lysis. Also, a shorter period of time (on the 

20 order of minutes rather than hours) and a lower temperature level 
have unexpectedly been found to be required to attain a certain 
relative viscosity than when the nuclease is added after cell lysis, 
which results in a higher yield of the biosynthetic product (for 
instance, less degradation of a proteinaceous product during removal 

25 of nucleic acids). 

Many health authorities require that recombinant organisms must be 
killed prior to being released from the closed fermentation system. In 
many cases, this is accomplished by adding phenol and toluene during 
the last phase of the fermentation. It has been found that the nucle- 
30 ase of the present invention retains its activity in the presence of the 
quantities of phenol and toluene required to kill the cells in the 
fermentor. 

When adding the nuclease to a biological material in accordance with 
the invention in order to reduce the viscosity of the material, the end 
35 product of the nucleas action includes differently sized nucleic acid 
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fragments and oligonucleotides rather than mono- or di- nucleotides 
only. For certain purposes, for instance when it is desired to pro- 
duce a highly purified end product from which all hybridizable nucleic 
acids have been removed, it is recommended to add the enzyme to a 
5 product which has already been purified, i.e. at least substantially 
separated from other components of the biological material. 

As mentioned above, it has been found that residual nucleic acidS/ 
i.e. nucleic acids which remain in a biological material after a limit 
digest (where nuclease has been added in such excess in order to 

10 reduce the viscosity of the material that no further addition of nucle- 
ase will reduce the amount of nucleic acids still further), constitute a 
minute fraction, in fact less than 0.1% of the total amount of nucleic 
acids in a given biological material and represent nucleic acids which 
are ordinarily inaccessible to the nuclease due to interactions with 

15 membrane components and/or proteins as discussed above. It has been 
found that if the nuclease treatment is carried out in the presence of 
a detergent and/or a chaotropic agent,., the residual nucleic acids can 
be digested. 

Thus, the invention further relates to a method of removing residual 
20 nucleic acids from a biosynthetic product, in which the nuclease is 
added in the presence of a detergent and/or a chaotropic agent in 
order to digest the nucleic acids present as oligonucleotides or nucle- 
otides which cannot be detected by hybridization. The detergents and 
chaotropic agents most likely act by counteracting the hydrophobic 
25 and electrostatic forces which are responsible for the formation of a 
complex structure In which segments of nucleic acids remain inacces- 
sible to the nuclease. 

The detergents and chaotropic agents selected should be ones which 
do not permanently damage the secondary and tertiary protein struc- 
30 ture of any desired protemaceous product present in the biological 
material, i.e. a substance which may be removed after the nuclease 
has acted in its presence to remove residual nucleic acids in such a 
way that the correct structure of the product is obtained. Such 
d tergents and chaotropic agents may, for instance, be the ones 
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mention d abov . When employing a detergent or chaotropic agent, 
care should also be taken not to incorporate such substances In such 
* amounts that the nuclease activity will be impaired or even eliminated. 
When the detergent is a non-ionic detergent, it is usually added in an 
5 amount of 0.2-1.5%, in particular about 0.4-1.0%, of the biological 
material. When it is an ionic detergent, it is generally added in an 
amount of 0.01-1,0% of the biological material. The chaotropic agent is 
usually added in an amount of 2-8 M (about 10-50% w/v of the bio- 
logical material). 

10 In order to obtain a product which is completely free from nucleic 
acids, it may be an advantage to first employ the nuclease of the 
invention at an early stage of the production process in order to 
reduce the viscosity from a cell lysate and remove the bulk of the 
nucleic acids present in it. In a subsequent step in the purification 

15 procedure, the purified nuclease may be employed in solution or in 
immobilized form in order to remove any residual nucleic acids from 
the product. 

It is further contemplated that a nuclease-containing composition of 
the invention may be used to remove the infectious potential of infec- 

20 tious agents either as a means to ensure the elimination of the infec- 
tious potential itself or as a means to recover such components of 
these agents as might be desired to produce vaccines or diagnostic 
agents. In the present context, the term "infectious agent" is under- 
stood to mean a living or non-living agent the infectious potential of 

25 which is ascribable to nucleic acid components. These nucleic acid 
components may encode RNA species and/or proteins essential for the 
infectious potential Cthey may, for instance, be needed for propaga- 
tion), or they may play a purely structural role in the infectious 
agent. Infectious agents may accordingly include plasmids, viruses, 

30 bacteria, prions and parasites. 

The infectious potential of these agents may, in some cases, be de- 
stroyed by means of chemicals, but it may be an advantage in many 
cases to use a nuclease for decontamination purposes. Free DNA 
molecules such as plasmids liberated from cells during growth, may 
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for instance readily be digested by means of the nucleas of the in- 
vention, which is also the case with potentially infectious DNA pre- 
sent in waste material from laboratory experiments. As a safety pre- 
caution, it may often be desired also to remove nucleic acids from the 
5 waste material resulting from the industrial production of biosynthetic 
products by recombinant DNA techniques. If the nucleic acfd compo- 
nent of the infectious agents present in such waste is not freely 
accessible to the nuclease of the invention, the simultaneous addition 
of a detergent or chaotropic agent may be recommended as described 
10 above in order to remove all nucleic acids present. 

A further contemplated use for the nuclease of the invention is in the 
production of antigens and vaccines. At present, attenuated strains 
of bacteria and viruses are usually employed to elicit an immunological 
response to more virulent members of the same species, one important 

15 advantage being the preservation of the integrity of complex antigenic 
structures on the surface of or inside the infectious agent during the 
limited period of propagation of the ^agent In vivo. By using the 
nulease of the invention, it would be possible to preserve the anti- 
genic complexity, permitting the immunological response to be directed 

20 against any strong antigenic determinants associated with the infecti- 
ous agent in question, while avoiding the risk of vaccination sequelae 
occasionally seen with live vaccines using attenuated organisms. The 
nuclease of the invention could be used to remove nucleic acid compo- 
nents of such infectious agents, optionally together with a detergent 

25 and/or a chaotropic agent to make the nucleic acids available to the 
nuclease, the detergent or chaotropic agent and the concentration in 
which they are used being so selected that it does not interfere with 
the antigenic structure in question. 

The Serratia spp. hydrolytic enzymes, produced by the method of the 
30 invention, have been found to be expressed at a late stage in the 
growth cycle of microorganisms producing the enzymes, whether these 
were Serratia spp. or E. coil. As shown in the Examples, this late 
expression is a result of the gene expression regulating behaviour of 
a regulatory region from which expression or the genes in question is 
35 initiat d. Thus, during most of the exponential growth of the cultur , 
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little or no hydrolytic enzyme is synthesized, whereas a high rate of 
gene expr ssion occurs wh n th ceils nter the late xponential 
growth phase. In the present contaxt, the term "regulatory region" is 
understood to mean a molecular sequence involved in the transcrip- 
5 tional control of a gene comprising such sequences as the promoter, 
any binding sites for regulatory proteins (regulating gene expressi- 
on), e.g. cyclic AMP binding protein (CAP), ^and sequences of yet 
unknown function in transcriptional control, but found, by deletion 
mapping, to be of importance for transcriptional control. 

10 This regulatory principle may be utilized in accordance with the 
present invention to provide a plasmid comprising a regulatory region 
from which expression of a gene located downstream of the regulatory 
region is initiated or increased at a late stage in the growth cycle of 
the micororganism harbouring the plasmid. The gene may be one 

15 which is not naturally related to the regulatory region. 

A regulatory mechanism as described above where gene expression is 
initiated or increased at a late stage in the growth cycle of the micro- 
organism, is often advantageous and desirable for production cultu- 
res. Thus, in a fermentation process, the high cell density occurring 

20 late in the fermentation is the potentially most productive period of 
the culture, and during this period, it may be of great value to have 
a high rate of gene expression. This is normally not obtained using 
the known promoters because their activity usually follows the growth 
rate of the culture, and is therefore minimal at the stage where cell 

25 density is highest. The special behaviour of the regulatory regions 
found in Serratia spp. genes may also be of particular value In cases 
where the products to be produced by the culture are toxic to the 
microorganism in question, as the microorganism will only synthesize 
the toxic product when growth has already or nearly stopped. 

30 Consequently, the present invention further relates to a plasmid 
which comprises a regulatory region from which expression of a gene 
located downstream of said regulatory region is initiated or increased 
at a late stage in the growth cycle of microorganisms harbouring the 
plasmid. Such a regulatory region is particularly useful for regulating 
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the expr ssion of a gen not naturally relat d to the regulatory 
region, such as when the plasmld carrying the regulatory region is to 
be employed as a cloning or production vector with the object of 
obtaining, by fermentation of a microorganism harbouring the plasmid, 
5 a wide variety of biosynthetic products for technical or medical pur- 
poses. Examples of such biosynthetic products are polypeptides and 
proteins or fragments thereof, enzymes and non-proteinaceous pro- 
ducts of reactions of enzymes with a compound in the nutrient medi- 
um, low molecular weight products such as hormones, and nucleic 
10 acids; products which are contemplated to be of particular interest 
are products of encaryotic, especially mammalian genes and, as men- 
tioned above, products which are toxic to the microorganism in which 
they are produced. 

The regulatory region may be one which is found in Serratia spp, 
15 genes, although it is contemplated that similar regulatory regions may 
also be found in other organisms. In particular, the regulatory re- 
gions is a nuclease or phospholipase regulatory region from Serratia 
spp. examples of which are shown in Fig. 7, position 1-385, and Fig. 
9, position 201-415, respectively, 

20 A regulatory region as described above may be inserted into any 
known or new cloning or production vector by means of standard 
recombinant DNA techniques. 

Particularly interesting plasmids useful as cloning or production 
vectors containing the above-mentioned type of regulatory region are 
25 the so-called runaway plasmids, that Is, plasmids with a conditionally 
uncontrolled replication behaviour. Plasmids showing this behaviour 
are disclosed in, for instance, US Patent No. 4,495,287 and European 
Patent Application, Publication No. 0109150. 

The strength of the promoter included in the regulatory region of, 
30 e.g., the nuclease gene may not always be sufficient for certain 
production purposes, and therefore the ability of the regulatory 
region to give rise to growth phase related expression of a gene 
located downstream from th r gulatory region may be further xploit- 
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ed by replacing th pr sent promoter with a stronger constitutive 
promoter in such a way that the growth phase dependent expression 
is preserved. 

Apart from employing the regulatory region for the expression of a 
5 biosynthetic product, a particularly interesting application of the 
regulatory region is to utilize it to increase transcription of a gene 
located downstream of the regulatory region, which gene is involved 
in the control of replication of a bacterial plasmid thereby causing 
uncontrolled plasmid replication (so-called runaway replication) at a 

10 late stage in the growth of cells harbouring the plasmid. Most run- 
away replication vectors described so far (cf. for Instance European 
Patent Application, Publication No. 0109150) require external manipu- 
lation of the growth conditions, e.g., an increase in temperature, to 
initiate uncontrolled replication. By using the regulatory regions 

15 described above to regulate plasmid replication, a novel approach has 
become possible, namely the initiation of runaway replication as a 
function of the growth phase of cells harbouring the plasmid. This 
approach is advantageous from three points of view. Firstly, no 
external manipulation of the growth conditions is required, secondly, 

20 no specific properties of the host cells ^re required to initiate runa- 
way replication, and thirdly, uncontrolled replication is initiated at a 
time when the microbial culture enters the late exponential growth 
phase, that is, when the effect of increasing the copy number of a 
gene to be expressed is greatest. A preferred regulatory region for 

25 initiating runaway replication in the late exponential growth phase is 
the phospholipase regulatory region due to its dual control systems. 
One regulatory system ensures that expression of a gene controlled 
by the phospholipase regulatory region is restricted to the late expo- 
nential growth phase; the other regulatory system is able to override 

30 the first control system and comprises a glucose repression system. 

In the practical exploitation of the regulatory region described above, 
a DNA fragment carrying both regulatory systems from the phospholi- 
pase regulatory region may be inserted into a plasmid upstream of a 
replication regulatory gene or genes, the plasmid may be transformed 
35 to a suitable host microorganism, and transformants may be selected 



P&V F4890A jB 424890 KBM/NO internat.text 1986 05 02 



0229866 



in the presence of glucos . When these transformants are deprived of 
glucose, they will exhibit the runaway 'replication phenotype during 
the late exponential growth phase. A gene expressing a desired 
biosynthetic product may subsequently be inserted into the plasmids 
thus produced, the resulting hybrid plasmids may be transformed to a 
suitable host microorganism, and the host may be grown to a produc- 
tion size culture either in the absence of glucose or in the presence 
of glucose in such an amount that it is consumed by the ceils before 
they enter the late exponential growth phase; in either case, un- 
controlled replication is initiated in the late exponential growth phase 
due to increased transcription from the regulatory region. The bio- 
synthetic product is harvested from the culture after a suitable 
period of time to ensure a sufficient production of the product. Apart 
from the specifics given above, the cultivation is suitably performed 
using conventional techniques, including conventional nutrient media 
which are known to be optimal to the microbial species used as the 
host. Also, the harvesting of the biosynthetic product is performed in 
accordance with well-known methods adopted to the identity and 
properties of the particular biosynthetic product, the properties of 
the host, etc. 

The present invention also provides a microorganism harbouring a 
plasmid which carries a regulatory region as specified above. The 
microorganism is typically a bacterium such as a gram-negative bacte- 
rium, and preferred gram-negative bacteria are ones which are gene- 
25 rally employed for the production of biosynthetic products, for in- 
stance f « co//. 

It is further contemplated that the sequence encoding the N-terminal 
part of the nuclease, which sequence is indicated to encode a signal 
peptide essential for transmembrane transport of the nuclease, may be 

30 employed to obtain excretion of a gene product. A sequence coding 
for a desired biosynthetic product may be combined directly with the 
sequence specifying the C-terminus of the signal peptide of the 
nuclease thus allowing the desired protein to be excreted, the signal 
peptide being removed in the process. For practical purposes, the 

35 sequ nee coding for the signal peptide (cf. Fig. 7) may be isolated 
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togeth r with the nuclease regulatory region as a DNA fragment 
extending from position 1 to 448, which latter position conveniently 
corresponds to the recognition site for AhaWl and which precisely 
corresponds to the last codon of the signal peptide (including the 
signal peptidase recognition site). The DNA fragment may subse- 
quently be inserted into any suitable vector and ligated at the "filled 
in" (by means of Klenow polymerase) AhaWl site to a sequence coding 
for a product to be excreted. The optional presence of the nuclease 
regulatory region further allows the expression to be limited to the 
late stages of cell growth, 

DESCRIPTION OF THE DRAWINGS 

The invention is further explained below with reference to the draw- 
ings in which 

Fig» 1 shows a linear restriction enzyme and genetic map of the hy- 
brid plasmid pNLn21-nt/c carrying the nuclease gene (Nuc) of Serra- 
tia marcescens W225. The symbols used are; structural genes H o-* 
= promoters. Ap = ampicillin resistance;- Tc = tetracycline resistance; 
C| = lambda repressor gene, XpR = lambda promoter. P = PstI; El = 
EcoRI; E5 = £coRV; F2 = FnuDII. 

Fig. 2 shows the time course of nuclease treatment of X-PRESS lysate 
of E. coll. Ordinate: relative viscosity (H2O at 0®C as reference). 
Abscissa; hours of incubation at 0°C following X-PRESS lysis. 

Fig. 3 shows the time course of nuclease treatment of French Press 
lysate of E. coll. Ordinate: relative viscosity (H2O at O^C as refe- 
rence). Abscissa: hours of incubation at 0®C following French Press 
lysis. 

Fig. 4 shows the time course of nuclease treatment of French Press 
lysate of E. coll. Left column indicates the concentration of nuclease 
(U/ml) added before or after cell lysis. Six samples were followed 
individually in time course experiments (minutes of incubation at 
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0®C); zero time corresponds to release from French Press. Visual 
estimation of viscosity was carried out from 0-70 minutes as indicated 
in each line, cfr. symbols given below lines. The relative viscosity 
(H2O at 0°C as reference) was measured at 70 minutes and 15 hours 
5 of incubation at 0*^0. 

Fig. 5 shows the relationship between relative viscosity (HjO at 0°C 
as reference) (ordinate), concentration of nuclease (abscissa), and 
duration of incubation at O^C. The figures is a representation of the 
data given in Fig. 5. Note that the abscissa is log-scale. 

10 Fig. 6 shows the agarose gel el ectrop heretic pattern of non-digested 
nucleic acid present in the digest when the viscosity was usually 
estimated as "aqueous". Samples were taken from the digests shown in 
Fig. 5. 

Fig. 7 shows the nucleotide sequence of the 1.3 kB DNA fragment 
15 (F2-fragment shown in Fig. 1) carrying., the nuclease gene from Ser- 
ratla W225. 

Fig. 8 shows a linear restriction enzyme and genetic map of the hy- 
brid plasmid pNUlll-pA?/ consisting of the 4.5 Kb vector pNU121 and 
an insert of 3.2 Kb Serratia spp. A1 DNA containing the gene of the 
20 phospholipase operon. o* indicates the promoter of the gene and the 
direction of transcription, flH indicates a structural gene, Ap and 
Tc denote the genes for ampicillin and tetracycline resistance, res- 
pectively, C| denotes the X repressor gene. Restriction enzymes: = 
EcoRI, Eg = EcoRV, P = Pst\, Sa = 5a/l, Sm = Sma\, N = Narl, H3 = 
. 25 HindWX, Be = Sc/I, Ba = BamHI. 

Fig. 9 shows the DNA nucleotide sequence of 1.6 Kb of the 3.2 Kb 
Serratia spp. A1 DNA containing the phospholipase operon. The posi- 
tions of a few restriction sites are indicated, CAP with underlined 
sequences indicates the position of the putative regulatory region of 
- 30 the phospholipase operon, S.D. indicates the position of a Shine- 
Dalgarno homology for the ribosomal binding site. The gene starts at 
position 416 and ends at position 1372. 
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MATERIALS AND METHODS 



The strains of Escherichia coli K-12 and Serratia marcescens W225 are 
listed in Table 1. Plasmids and bacteriophages used are listed in 
Table 2. 
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Bacterial Strains Used 



Bacterial Strains 



Genotype 



Reference/Sou rce 



5 E. coll K-12 MT102 



thi, ara-levL7G7Q, 
ara D139, lacLxlA, 
gaiU, galK, rpsLr 
hsdR. 



10 



E. coli K-12 CSH50 



Lpro-lac, rpsL 



J. Miller: Experh 
ments in Molecular 
Genetics, CSH Lab., 
Cold Spring Harbor, 
1972. 



£. coli K-12 W3110 



tna trp 



15 



20 



E. coli K-12 JM103 



coli K-12 S17 



Llac pro, thi, strA 
supE, end A, 56cB15, 
hsdRAr F'tra D36, 
proAB, lac\^ zAM15 

thi, pro, iisdRr 
hsdM*, recA 



S.G. Shogman & 
J.E. Sjostrom, J. 
Cen. Microbiol. 120, 
1984, p. 3091. 

J. Messing, 
NucL Acids 
Res. 9, 

1981, pp. 309-321 

R. Simon, Biol 
Technology, 
November 1983 



25 Serratia marcescens 
W255 



U. Winkler, 
Moiec, gen. Genet, 
im, 1973, 
pp. 197-206. 
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TABLE 2 



Plasmids and Bacteriophages Used 



Name 



Relevant Phenotype 



Reference/Source 



5 pNU121 



Ap , pBR322 derivative 



B. NIelsson: 
Nucl. Acids Res, 
W, 1983, 
pp. 8019-8030 



10 



pOU57 



Rl "runaway replication" 

D 

derivative, Ap 



J.E,L. Larsen, 
Gene 28, 1984, 
pp. 45-54 



pGV403 



Cm , pBR322 derivative 



Amersham Ltd. 



15 



pACYC177/cl857 Kan'^, derivative of pACYC177 Chang & Cohen, J. 

carrying Xcl857 BacterioL 13^, 

1978, 

pp. 1141-1156 



pLc28 



Ap^, pBR322 derivative 



E. Remaut et a!.. 
Gene 15, 1981, 
p. 81 



20 M13 mp8 
and mp9 



Phage M13 derivatives 
for DNA nucleotide 
sequencing 



Amersham and J. 
Messing, Nucf. 
Adds Res, 9, 
1981, pp. 309-321 



25 All experimental techniques used were standard techniques as de- 
scribed in T. Maniatis: Molecular Cloning, Cold Spring Harbor Labo- 
ratory, 1982, and J. Miller: Experiments In Molecular Genetics, Cold 
Spring Harbor, 1972. 
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All cells were grown in LB medium (Bertani, J. Bad. 62, 1951, p. 
293) or in A*B minimal medium (Clark and Maaioe, J. Mol . Biol, 23, 
1967, p. 99), with addition of vitamins and amino acids. Plates for 
bacterial growth contained LB medium and 1.5% agar with or without 
antibiotics: Tetracyclin 8 vg/mU ampicillin 50 ug/ml, chloramphenicol 
20 u9/nil. Plates for screening for nuclease activity contained DNase 
test agar (Difco) for DNase activity. 



EXAMPLE 1 

Preparation of chromosomal DNA from Ser ratio marcescens W225 

A culture of Ser ratio marcescens W225 was deposited in the DSM 
(Deutsche Sammlung von Mikroorganismen, Grisebachstrasse 8, D-'3400 
Gottingen, West Germany) on May 8, 1985 under the Accession No. 
3308). The culture was grown overnight in LB medium and harvested 
by centrifugation (8,000 r.p.m, for 5 minutes). The cells were 
washed twice in TEN-buffer (10 mM Tris, HCI, pH 8, 1 mM EDTA, 
100 mM NaCI) and resuspended in 20 ml TEN-buffer containing 1 
mg/ml lysozyme and 0.1 mg/ml RNase. The cells were incubated at 
37°C for a period of 30 minutes and 20% SDS was added to a final 
concentration of 1%. After 60 minutes at a temperature of 37**C (for 
total lysis), the lysate was incubated at a temperature of 4®C over- 
night. Next day the cell debris was removed by centrifugation (18,000 
r.p.m. for a period of 25 minutes). The supernatant was transferred 
to a new tube containing 2 ml 3M sodium acetate and 2 volumes of 
isopropanol. Upon gentle mixing, the DNA precipitated in threads 
which were picked up by means of a curved glass needle. The preci- 
pitated DNA was washed twice in 80% ethanol and resuspended in 
TEN-buffer. The DNA was further purified by buoyant density gra- 
dient centrifugation r and after appropiate dilution it was extracted 
with phenol and dialysed against TE-buffer (10 mM TrIs-HCI, pH 
8, 1 mM EDTA). Finally, the DNA was tested for absence of nuclease 
by incubation at 37°C with restriction enzyme buffer. 
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Construction of a gene bank from Serratta marcescens W225 

The cloning vector plasmid, pNU121, was used in connection with the 
construction of a gene bank from Serratia marcescens W225. The 
plasmid is a pBR322 derivative coding for both ampicillin resistance 
5 and tetracyclin resistance, but the promoter of the tetracyclin resis- 
tance gene Is replaced by the phage X promoter, XpR, and since the 
X repressor gene, C|, is also present on pNU121, tetracyclin resis- 
tance is normally not expressed. Resistance is, however, expressed if 
the C| gene is destroyed by insertion of DNA into the C| gene. 

10 Therefore, pNU121 DNA having a unique EcoR\ site in the C| gene 
was digested with the restriction enzyme fcoRI and mixed with Serra- 
tia marcescens DNA partially digested with fcoRI. The DNA was iiga- 
ted at 15°C overnight with T4 llgase and transformed to E. coll strain 
MT102. Selection was made at 37°C on LB plates containing 8 ug/ml 

15 tetracyclin, so only cells harbouring pNU121 with inserted DNA will 
give rise to colonies. Approximately 2,500 colonies representing a 
gene bank of Serratia marcescens W225 were isolated by this proce- 
dure. 

Isolation of a nuclease gene from Serratia marcescens W225 

20 The gene bank from Serratia marcescens W225 was replica plated onto 
DNase Indicator plates (see Materials and Methods) and after growth 
at 37°C for two days, the plates were developed with 0.1 N HCL 
DNase positive colonies were surrounded by a clearing zone. One 
positive clone, pNU121 -nt/c , was re-isolated from the master plate 

25 and tested for the presence of other genes coding for extracellular 
enzymes. [Esctierichia coil MT102/pNU121 -nuc+ was deposited in the 
DSM on May 8, 1985 under the Accession No. 3309.) The clone was 
found to express RNase too, but no other extracellular enzymes were 
expressed from the clone. The £coRI fragment carrying the nuclease 

30 gene was also inserted into the runaway cloning vector pBEU50 result- 
ing in the plasmid pBEU50-nuc . [Esciierichia coil C600/pBEU50-nt/c* 
was deposited in the DSM on May 8, 1985 under the Accession No. 
3310.) 
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Restriction enzyme mapping of th nucleas gene 

Plasmid DNA from E. coU strain MT102 harbouring the nuclease gene 
was prepared and digested with the restriction enzymes EcoRI, Pst\ 
and £coRV, respectively. The digested fragments were analyzed by 
5 agarose gel electrophoresis resulting in the map shown in Fig. 1. The 
DNA digested with Pst\ was religated with T4 DNA ligase and trans- 
formed to strain MT102. Selection was made on DNase indicator plates 
containing 8 iig/ml tetracyclin. After incubation, the plates were deve- 
loped and ail colonies showed a nuclease positive phenotype. When the 
10 DNA digested with EcoRV was religated and transformed to MT102, 
selecting for ampicillin resistance, all transformants were nuclease 
negative. Therefore, the nuclease gene is carried on a 2 Kb Pstl- 
fcoRI fragment as shown in Fig. 1. 

For further subcloning, the plasmid DNA was digested with both Pst\ 

15 and EcoRI, and after electrophoresis the P5t/-EcoRI fragment car- 
rying the nuclease gene was purified from the gel. The DNA was 
partially digested with the restriction enzyme FnuDII (a 4-base blunt 
end restriction enzyme with several cleavage sites in the nuclease 
gene) and mixed with DNA from plasmid pGV403^ which had been 

20 digested with the restriction enzyme Smdl. The mixed DNA was liga- 
ted with T4 ligase and transformed to MTT02. Selection was made on 
LA plates containing 20 ug/ml chloramphenicol (resistance of pGV403), 
and the transformants were replica plated onto DNase indicator plates. 
Twenty nuclease positive colonies were isolated and plasmid DNA 

25 prepared. The smallest plasmid had a 1.3 Kb DNA insertion, and the 
insert was mapped with respect to the EcoRV site as shown in Fig. 1. 
This plasmid was denoted pGV403-SD2/10. A plasmid carrying the 
same insert but In the opposite orientation with respect to the unique 
EcoRI and HlndXW recognition sites of pGV403 was denoted pGV403- 

30 SD2/14. 

Nucleotide sequence of the nuclease gene 

The method of Maxam and Gilbert was used (Proc, Natl. Acad. Scl 
USA 74, 1977, pp. 560-64), using the sequencing vector plasmid 
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pGV403 (Amersham) . The DNA to be sequenced is inserted into the 
Sma\ site of the vector. The Sma\ is flanked by two restriction sites 
for restriction enzyme TthMM, which gives different 5-prime over- 
hanging ends, and since the enzyme cleaves assymmetrically, the DNA 

32 

5 can be sequenced directly after labelling with P. 

Therefore, the 1.3 Kb nuclease fragment originally cloned into the 
Sma\ site of pGV403 was isolated from an agarose gel after digestion 
of the hybrid plasmid with Tth'\}]\. The DNA fragment was digested 
with one of the restriction enzymes FnuDW or Hoelll and ligated to 

10 pGV403 DNA cleaved with Sma\ and dephosphorylated. The DNA was 
then transformed to MT102, and selection was made on LA plates con- 
taining 20 vg/ml chloramphenicol. Plasmid DNA from the transformants 
was prepared and analysed. In this way, a series of pGV403 hybrid 
plasmids was constructed with insertion of DNA from 200-400 bp 

15 covering the whole 1.3 Kb fragment, and sequencing of these plas- 
mids in both strands gave the nucleotide sequence shown above. 

Analysis of the nucleotide sequence shown in Fig. 7 indicates that the 
nuclease is coded from position 386 to 1165. Firstly, an open reading 
frame extends throughout this region Which would encode a protein of 
20 30,000 daltons. Secondly, a perfect ribosome binding site is present 
at position 374-78, i.e. just upstream of the initiation codon. Thirdly, 
sequences which may constitute a regulatory region are present at 
position 330 to 336 ("-10 sequence") and position 306 to 313 ("-35 
sequence"). 

25 To confirm that the nuclease is in fact encoded by the indicated se- 
quence rather than from a long open reading frame present on the 
complementary strand, the inserts in pGV403-SD2/10 and pGV403- 
SD2/14 were excised by double digestion with EcoRi and HindWl. It 
should be noted that the orientations of the inserts are opposite 

30 relative to the two restriction sites of the pGV403 vector. The excised 
fragments were ligated to pPL195 which had been double digested with 
EcoRl and Hind\\\, The vector pPL195 is derived from pLc28 by in- 
serting a polylinker containing EcoRI and HtndWX recognition sites 
downstream from the \pL promoter. Following transformation into 
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£. coU NF1 and selection at 30°C for Ap , two plasmids were isola- 
ted^ PPU95-SD2/10 aad pPL195-SD2/14. In the former, the XpL 
promoter is located upstream of the putative nuclease coding region 
depicted above, while in the latter plasmid the XpL promoter is loca- 
ted in such a way that the complementary strand will be transcribed. 
E. coli NF1 is lysogenic for a defective X coding for the temperatu- 
re-sensitive X repressor encoded by the cI857 gene. At 30°C the cl 
repressor is active, and promoters regulated by the repressor such 
as XpL present on pPLT95 are thus repressed. At temperatures above 
37°C, the repressor is inactive and transcription from XpL in pPL195 
will occur. When comparing the nuclease activity at 30®C and 42°C, 
pPL195-SD2/10 but not pPL195-SD2/14 gave rise to temperature indu- 
cible nuclease synthesis indicating that the orientation of the nucle- 
ase-coding region relative to the X promoter is correct in 
PPL195-SD2/10. 

« 

Furthermore, high levels of (temperature inducible) nuclease synthe- 
sis were obtained when the predicted -nuclease coding region was 
joined directly to the X promoter. An Rsa\-Hind\\\ fragment from 
pGV403-SD2/10 spanning the region from position 357 to 1295 (Fig, 7) 
was ligated to pPL 195 digested with Sma\ and Hind\\\ whereby the 
coding region is positioned as in pPL195-SD2/10 relative to the X 
promoter. This plasmid was denoted pPL195-SD2/RI . 

The nucleotide sequence corresponding to the amino terminus of the 
nuclease has been confirmed by amino acid sequence analysis of the 
partially purified protein. The nucleotide sequence corresponding to 
the carboxy terminus of the nuclease has been verified by nucleotide 
sequencing of the region using an alternative sequencing method, the 
dideoxy nucleotide sequencing of Sanger et ah, Froc- Nat* Acad, 
5c/. USA n, pp. 5463-5467. 

The predicted amino terminal sequence of the nuclease indicates the 
presence of a signal peptide of 20 amino acids which is terminated by 
a recognition sequence for a signal peptidase at position 448. 
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Enzyme activities of nuclease 

Cultures of Serratia marcescens strain W225 and f . coll C600 harbour- 
ing the plasmid pBEU50-nuc* were grown exponentially in LB medium 
at SO^'C. At various times one ml samples were taken for determination 
5 of OD^gQ and nuclease activity. Nuclease activity was determined by 
adding TOO y! chlorophorm to release enzymes from the periplasm. Af- 
ter centrifugation at 10,000 r.p.m. for 15 min., 25 yl of the super- 
natant was taken for determination of nuclease activity. The sample 
containing nuclease was added to 0.5 ml of salmon sperm DNA 

10 (1 mg/ml) dissolved in 0.05 M Tris (pH 8.0) + 0.01 M MgCl2 , and 
the mixture was incubated at 37**C for one hour. Then 0.5 ml 4% .PC A 
(perchloric acid) was added and left on ice for 30 min. The precipi- 
tate of undigested DNA was removed by centrifugation, and 0D2gQ 
(absorption of UV light at wave-length 260 nm) was measured on a 

15 spectrophotometer in a quartz cuvette. The activities presented in 
Table 3 are 0D2gQ values measured in this way from samples of the 
cultures growing into the stationary phase. It appears that in both 
cultures, the enzyme is preferentially" synthesized in the late phase of 
the growth cycle. 

20 TABLE 3 

Nuclease activity 



Strain Cell Density Extracellular 

(OD^^q) Nuclease Activity 



25 C600/(pBEU50-ntyc+) 0.265 0 

0.448 0.005 

0.628 0.075 

0.800 0.135 

0.940 0.222 

30 1.28 0.447 

1.63 1.04 
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TabI 3 continued 



9 "in 


1 7ft 


3.15 


2.87 


4.20 


3.90 


4.80 


5.90 


5.10 


7.70 


5.95 


12.1 


6.80 


14.2 


7.45 


15.9 


8.08 


35.2 



0.240 


0 


0.386 


0 


0.608 


0 


0.865 


0 


1.01 


- 0 


1.48 


0 


2.03 


0 


2.56 


0 


3.51 


0.047 


4.30 


0.555 


7.10 


2.1 


9.50 


4.6 


10.60 


5.0 


11.4 


6.7 


14.0 


7.0 


14.7 


7.1 



In a parallel experiment, the distribution of nuclease between peri- 
plasm and growth medium was measured by dividing culture samples 
30 into two parts: One containing only cell-free growth medium, and the 
other containing material from both periplasm and growth medium 
(chlorophorm treatment as described above). The results are shown in 
Table 4. 
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TABLE 4 



Strain 



Nuclease Activity 



Periplasm 



Growth Medium 



Sen rati a mar- 



cescens W225 



1.0 



45.8 



C6O0/pBEU5O-/7i/c+ 



1.5 



1.23 



As shown above, in Serratfa marcescens W225 essentially all nuclease 
is totally excreted whereas only approx. 50% is excreted from £. coU. 

EXAMPLE 2 

Purification of nuclease 

After 16-20 hours in the stationary ' growth phase, the fermentation 
medium from 25 liter cultures of £. coll MT102 containing plasmid 
pGV403-SD2 (described in Example 1) was harvested by ultrafiltration 
across a 0.45 ym membrane followed by concentration by ultrafiltration 
across a filter with a cut-off at 10,000 daltons. After dialysis against 
10 mM Tris-HCI (pH 7.5), 1 mM EDTA, the preparation was filtered 
through a glass filter, and a 0.45 and 0.22 pm filter. 

The enzyme preparation was tested for various parameters in a stan- 
dard assay which is summarized as follows: 

400 lil buffer comprising 50 mM Tris (pH 8.2), 1 mM MgClj, 50 vg/ml 
BSA, 100 ml DNA solution (5 mg/ml salmon sperm DNA in water) and 
25 vl diluted enzyme preparation in the above buffer (without DNA) 
were incubated for 60 minutes at 37°C. To the reaction mixture were 
added 400 yl 4% cold perchloric acid. Th reaction mixture was left 
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standing on ice for 30 minutes and then centrifuged at 15^000 x g for 
5 minutes. The absorption was measured at 250 nm. 1 unit is defined 
as the activity which in the standard assay releases 1 0D2gQ of 
soluble material per ml of DNA in 1 hour. 

5 To determine the pH-optimum, the pH of the standard assay buffer 

was varied and measured after the addition of DNA. The optimum 

range for nuclease activity is 7.5-9.6 with a maximum at pH 8.5-9.2. 
2* 

The Mg optimum was determined by varying the concentration of 
MgCl2 in the standard assay from 0 to 100 mM. There is a relatively 
10 clearly defined optimum in the range of 0.1-1 mM MgCl2- However, 
the enzyme retained about 40% of its activity without addition of 
MgCl2. The optimum concentration of monovalent cations was deter- 
mined by varying the concentration of NaCI and KCI in the standard 

+ 

assay. The activity decreased rapidly at increasing Na concentratl- 
15 ons. The enzyme was shown to be active at 0-50 mM of KCI Cthere 
was no decrease in activity), which is important as cell lysis, especi- 
ally of £. coli, yields a rather high quantity of K as the intracellu- 
lar concentration is 100-150 mM K . Short-term enzyme stability was 
determined by pre-incubating the enzyme in the standard assay 
20 buffer without any DNA at 4, 23 and 37°C for 1, 4 and 18 hours, 
respectively. On addition of DNA, the enzyme activity was determined 
in the standard assay. Table 5 below shows the observed value for 
absorption at 250 nm in the standard assay. A stable enzyme will 
show the same values in each column. 

25 TABLE 5 

Preincubation 4°C 23°C 37**C 



1 hour 0.389 0.445 0.442 

4 hours 0.415 0.485 0.403 

30 18 hours 0.455 0.505 0.298 



It appears from Table 5 that at 4*^ and 23°C, the enzyme is stable for 
18 hours in the buffer. At 37^C there is a d crease in activity on in- 
cubation for a longer period of tim . 
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The effect of denaturing agents was determined by testing th acti- 
vity of the nzyme in the presence of urea, non-ionic deterg nts 
(Brij® 58, Triton® X-100) and ionic detergents (SDS and sodium 
deoxy cholate). These substances were added to the preparation in 
5 the standard assay at different concentrations. The enzyme was found 
to be active in 1-8 M urea, the enzyme actually showing an increased 
activity at 4-8 M with a maximum at 4 M urea. The enzyme was also 
fully active in the presence of non-ionic detergents such as Brij® 58 
(1%) and Triton® X-100 (0.4%). With respect to ionic detergents, an 
10 SDS concentration of more than 0.01% leads to a complete inhibition of 
enzyme activity, while about 40% activity was retained in the presence 
of 1% sodium deoxy cholate. 

The purity of the enzyme was analyzed by means of a standard dena- 
turing SDS-PAGE. The enzyme preparation contained a number of 
15 protein bands. In the area corresponding to the apparent molecular 
weight of the nuclease (30,000), there was a distinct band estimated 
to represent 5-10% of the entire preparation. 

Protease activity in the nuclease preparation was estimated by diffe- 
rent assays. Firstly, 50 pi nuclease samples were spotted in water on 
20 protein (skim milk) agar plates (20% milk in buffer). No formation of 
a clearing zone (degradation of the milk proteins on the plate) was 
observed after 24 hours at 37°C and 48 hours at 23**C. 

Secondly, no measurable degradation of azo-casein was observed on 
incubating 20 y! of the enzyme with 1 mg of azo-casein (buffer: 50 

25 mM Tris (pH 8.0), 10 mM MgCl2)) at 0, 16 and 30*^0 for 12 hours, 
followed by measuring acid soluble azo dye at Agyg. Thirdly, nuclease 
incubated at 37®C In the presence of 5 mM MgClj was analyzed by 
SDS-PAGE. No change in the pattern of the approximately 20 proteins 
present in the nuclease preparation, i.e. no autoproteolysis, was 

30 observed, indicating the absence of proteases. This means that in the 
practical application of the nuclease, a possible low content of prote- 
olytic activity in the enzyme preparation will be minimal compared to 
the total content of protease in the cell lysate to be treated. 
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The ability of the nuclease to degrade DNA and RNA in the pres nee 
of organic solvents was determined. To aliquots of an FTL-lysate of 
coU MT 102 (1 part by volume of cells to 1 part by volume of 
Tris-EDTA buffer to which had been added 12,000 units of nuclease 
5 per ml prior to cell lysis, cf. Example 3 betow) were further added 
phenol (1%), toluene (1%), chloroform (1%), ethanol (5%), or EDTA 
(0.25M). After incubation at 20**C for 4.5 hours, the samples were 
analyzed by agarose gel electrophoresis. The sample to which EDTA 
had been added served as a control since the nuclease is virtually 
10 inactive at this concentration of EDTA. The addition of the various 
organic solvents did not affect the activity of the nuclease when com- 
pared to a sample to which no organic solvents had been added, and 
95% of the DNA was degraded to fragments of 200 bp or less. 

EXAMPLE 3 
15 Reduction of viscosity in a cell lysate 

The enzyme produced in Example 2 was added to a highly viscous 

FTL (lysozyme-freeze-thaw) lysate of 0.27 g E, coii at a total volume 

2 3 

of 500 \l\ at about 2.6 x 10 and 2,6 x 10 units, respectively. To a 
series of samples, no Mg had been added, while 10 mM Mg had 
20 been added to another series of samples. The samples were incubated 
at 0 or 24°C. 

Table 6 below shows the time at which the cell lysate was "aqueous", 
i.e. apparently having a viscosity approaching that of water (deter- 
mined by aspirating a sample of the lysate into a pipette and obser- 
25 ving whether the lysate runs out of the pipette as separate non-vis- 
cous drops). 



P&V F4890A jB 424890 KBM/NO internat.text 1986 05 02 



33 0229866 

TABLE 6 



Time after addition of enzyme (minutes) 



Temperature 


2+ 


2.6 X 10^ units 


2.6 X lo3 units 


0"C 




72 


12 




+ 10 mM 


55 


8 


24'»C 




55 


5 




* 10 mM 


40 


3 



10 It should be noted, however, that considerable variations were ob- 
served in experiments involving different lysates. For instance, when 
FP (French Press) lysates were used, a certain degree of shearing of 
the nucleic acids was obtained. This type of lysate was found to 
provide a better substrate for the enzyme which is probably due to 

15 the less tightly packed gel structure of the FP lysate. The viscosity 
of an FP lysate (15 ml) obtained from 7.5 g of £. coii WSIIO (wet 
weight) was reduced to "aqueous" on incubation of the lysate at O^C 
with 24 enzyme units/ml for 40 minutes.- 

Addition of nuciease prior to celi lysis 

20 A. To 0.25 g of £. coli MC 1000 (wet weight) resuspended in 0.25 ml 
of TE (TE = 10 mM Tris (pH 8.0), 1 mM EDTA) were added 12 units 
of the nuclease produced in Example 2. The suspension was subjected 
to FTL lysis according to standard procedures (3 cycles of freeze- 
thawing). The viscosity was monitored visually, the appearance of 

25 "aqueous" drops by pipetting being taken as an indication of a reduc- 
tion of the viscosity of the lysate. After the last FTL cycle, the 
lysate was incubated at 0°C. After 5 minutes at 0°C, the lysate had 
become "aqueous". 

This experiment unexpectedly showed the beneficial effect of adding 
30 the enzyme prior to cell rupture as only 24 enzyme units per ml are 
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required to reduce th viscosity in 5 minutes if th nuci as is added 
before lysis compared to a requirement of 5200 units per ml of lysate 
in 12 minutes if the nuclease is added after lysis. 

B. To obtain a better quantitation of the reduction of viscosity, this 
procedure was tested on E. coli lysates made by X-PRESS (Biotec) 
which combines freeze-thaw effects and high pressure lysis. 

7.5 g of £. coli MC 1000 (wet weight) were resuspended in 7.5 mi of 
TE. MgCI^ was added to 2 mM and nuclease to 25 units/ml. The 
suspension was frozen in the X- PRESS and subjected to five pressure 
cycles at -20°C. The homogenate was thawed at 0°C over a period of 
2 hours. Visually, the viscosity had been reduced at the time of 
thawing (i.e. "aqueous" drops by pipetting), but the extended period 
of thawing makes it difficult to establish a time zero prior to which 
the nuclease is not active. 24 units per ml of lysate are therefore 
useful to reduce the viscosity of X-PRESS lysates if the nuclease is 
added before lysis . 

The homogenate was diluted to 37.5 ml vyith TE (O^C), and the visco- 
sity was monitored (Ostwald viscosimeter) for the next 24 hours. The 
nuclease digestion was continued in the viscosimeter which was incu- 
bated at O^^C. At the time indicated in Fig. 2 (abscissa), the viscosity 
was determined. The ordinate in Fig. 2 shows the observed viscosity 
relative to the viscosity of HjO at 0**C. The reaction conditions were 

9.6 units of nuclease per ml of lysate. The relative viscosity decrea- 
ses rapidly during the first 10 minutes followed by a steady decrease 
during the subsequent hours of incubation at 0**C. At 24 hours the 
relative viscosity was 1.5. 

C. 7.5 g of E. coll MC 1000 Cwet weight) were resuspended m 7.5 ml 
of TE. MgCl2 was added to 6 mM and nuclease to 24 units/ml. Bac- 
teria plus enzyme was passed through a French Pressure Cell at 
10,000 psi. The lysate was immediately incubated at 0°C. Time zero 
was taken as time of release from press. Upon release the lysate 
yielded "viscous" drops by pipetting which, however, changed to 
"aqueous" drops within 5 minutes of Incubation at 0°C. 
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24 units of lysate are therefore also us ful to r duce the viscosity of 
FP lysates. 

At 5 minutes the lysate was diluted to 30 ml with TE (0°C), and the 
viscosity was determined in the Ostwald viscosimeter at different times 
5 (Fig. 3, abscissa). The result is given as the relative viscosity 
(ordinate) using the viscosity of HjO at O^'C as reference. The reac- 
tion conditions in the viscosimeter were: 12 units of nuclease per ml 
of lysate from 0.25 g of E. cofi MC 1000 per ml, temperature = 0°C. 

To illustrate the advantageous effects of adding the nuclease prior to 
10 lysis, the following experiment was carried out. Lysates were pre- 
pared as described above. To 15 ml samples of a suspension of E, coll 
W 3110 (7.5 g of cells) were added varying amounts of nuclease to 
final concentrations of 0.24 to 240 units per ml (lines 1 to 5 in Fig. 
4). Following lysis by French Press, the lysates were incubated at 
15 0°C, and the viscosity was followed visually, i.e. by pipetting. The 
classification is depicted in Fig. 4. 

At 240 units of nuclease per ml (line 5), the lysate was "aqueous" 
upon release from the press while the'presence of nuclease at a con- 
centration of 2.4 units per ml (line 2) yielded "aqueous" drops after 
20 approximately 20 minutes at 0°C. At 0.24 units per ml (line 1), the 
result at 70 minutes was "glycerol-like" drops which changed to 
"aqueous" drops during the subsequent 15 hours of incubation at 
O^C. 

The relative viscosity of 2.5 fold dilutions of the above samples was 
25 determined after 70 minutes and 15 hours of incubation at 0°C. Lines 
2-5 show that in this experiment the visual impression "aqueous" 
drops spans a range of 1.5 to 2.1 in relative viscosity. With an ex- 
cess of enzyme (line 5), the minimum value obtainable is 1.5. This 
minimum is presumably reached at 70 minutes, indicating that the 
30 component of the viscosity ascribable to nucleic acids has been re- 
moved . 
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To provide information on the amount of nuclease ne ded In specific 
applications, the relationship between the amount of enzyme added 
and the viscosity at 70 minutes and at 15 hours was plotted (Fig. 5), 
Addition of 3,600 units of nuclease yielded approximately the same 
5 value at 70 minutes and 15 hours of incubation at O'^C, namely 1.52 
and 1.47, respectively. The value 1.50 may therefore be taken as the 
minimum value for the relative viscosity of the lysate in question. 

After incubation for 70 minutes at 0°C, the relative viscosity Is pro- 
portional to logCenzyme added) or log(enzyme concentration). By ex- 

10 trapolation, the addition of 1,500 units (100 units per ml) would com- 
pletely eliminate the viscosity component of the lysate that can be 
ascribed to the presence of nucleic acids. I.e. addition of enzyme in 
excess of 1,500 units or extension of the incubation period would 
yield no further reduction in the relative viscosity, the minimum value 

15 of which is 1.5. 

It appears from the figure that a 10 fold reduction in the amount of 
enzyme added requires a 10 fold prolongation of incubation at 0**C in 
order to achieve the same viscosity (e.g. 36 units/70 minutes vs 3.6 
units/15 hours, 360 units/70 minutes vs. 36 units/15 hours. 

20 To compare the new strategy of adding nuclease prior to cell rupture 
with the traditional method of adding nuclease after lysis of the cells, 
a 15 ml lysate was prepared as above but no nuclease was added 
prior to cell rupture. After French Press lysis, 360 units of nuclease 
were added to a final concentration of 24 units per ml, and the lysate 

25 was incubated at 0°C- Line 6 in Fig. 4 shows the stepwise elimination 
of viscosity with the appearance of "aqueous" drops at 40 minutes. 
The relative viscosity at 70 minutes was comparable to that of the 
sample shown in line 3 (8 units per ml added before lysis), although 
the initial rate of reduction of viscosity is clearly different. It is 

30 estimated that the addition of approximately 1,5 units of nuclease per 
ml before cell lysis would yield a time pattern identical to that of line 
6 but the resulting relative viscosity would clearly be higher, in the 
range of 2.13-2.53. The gain (in terms of enzyme requirement) may 
thus be either a factor of 3 or a factor of 20 depending upon the 

35 criteria us d in defining "reduction of viscosity". 
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Samples taken from the lysat s shown in Fig. 4, lines 2-6, when the 
"aqueous" state had just been reached, were subjected to agarose gel 
(1%) electrophoresis and subsequently stained with ethidium bromide. 
In all lanes, the stainable residual product constitutes a smear ex- 
5 tending from a 21 kbp marker to the bromophenol blue band with de- 
creasing amounts of slowly migrating material in the samples of higher 
nuclease concentration. This material comprises from less than 1 to a 
few percent of the nucleic acid present prior to the nuclease treat- 
ment (Fig. 6). 

10 EXAMPLE 4 

Elimination of residual nucleic acids 

From gel electrophpretic analyses of limit digests of bacteria! lysates, 
it was concluded that about 0.1% of the nucleic acids present in a 
lysate is not available for the action of the nuclease. It is suggested 
15 that the presence of residual nucleic** acids is ascribable to protective 
masking of specific sequences, perhaps a membrane associated area of 
the genome, as only a minimal fraction of the total amount of nucleic 
acid remains after treatment with the nuclease. 

in order to remove the residual nucleic acids, cell lysates were treat- 
20 ed with the nuclease in the presence of various protein denaturing 
agents . 

FTL lysates of 0.25 g of E. coil (wet weight) in a total volume of 
0.6 ml were treated with 240 units of nuclease in the presence of 
1-12 M urea. The lysates were incubated at 30°C for 1 hour or 18 
25 hours. After incubation, 5 vl of the residue were analyzed by agarose 
gel electrophoresis and stained with ethidium bromide. 

After 18 hours of digestion, a dramatically positive effect of 2-4 M 
urea was observed, the presence of 4 M urea in particular resulting 
in removal of all stainable material which has entered the gel. 
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FTL lysates of 0.68 g E. coll (wet weight) in a total volum of 2.5 ml 
TE were treated with 2.6 x 10 units of nuclease for 24 hours at 16°C 
alone, in the presence of 0.1% SDS or 0.6% Triton® X-100. Gel elec- 
trophoretic analyses indicated that residual nucleic acid could be 
5 digested by the nuclease if detergent was present. 

From the results of these experiments, it appears that both types of 
detergents and protein denaturing agents make the residual, masked 
nucleic acids in a lysate available for the action of the nuclease. 

EXAMPLE 5 

10 Isolation of Serratia spp. A1 

Bacteria were harvested from a rotten cucumber and plated out on 
DNase test agar. One colony showing a high level of exonuclease 
activity was further analyzed. Gram staining showed that it is gram 
negative. A preliminary identification indicated that the isolated 

15 organism is Serratia llquefaclens. However, until the classification is 
complete,. It has tentatively been termed Serratia spp. A1 since there 
are many Indications that it belongs to the Serratia group. The orga- 
nism is resistant towards tetracylin and ampicillin, and it shows the 
same pattern of exoenzymes as the Serratia marcescens. (Serratia 

20 llquefaciens A1 was deposited in the DSM on May 8, 1985 under the 
Accession No, 3307.) 

Preparation of chromosomal DNA from Serratia spp. A1 

A culture of Serratia spp, A1 was grown overnight in LB medium and 
harvested by centrifugation (8,000 r.p.m, for 5 min.). The cells were 

25 washed twice in TEN-buffer (10 mM Tris, HCI, pH 8, 1 mM EDTA, 
100 mM NaCI) and resuspended In 20 mi TEN-buffer containing 
1 mg/ml lysozyme and 0.1 mg/ml RNase. The cells were incubated at 
37°C for 30 minutes and 20% SDS was added to a final concentration 
of 1%. After 60 minutes at a temperature of 37*^0 (for total lysis), the 

30 lysate was incubat d at 4^C overnight. Next day the cell d bris was 
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removed by centrifugation (18,000 r.p.m. for 25 minutes). The su- 
pernatant was transferred to a new tube containing 2 ml 3M sodium 
acetate and 2 volumes of isopropanol. Upon gentle mixing, the DNA 
precipitated in threads which were picked up by means of a curved 
glass needle. The precipitated DNA was washed twice in 80% ethanol 
and resuspended In TEN-buffer. The DNA was further purified by 
buoyant density gradient centrifugation, and after appropiate dilution 
it was extracted with phenol and dialysed against TE-buffer (10 mM 
Tris-HCI, pH 8, 1 mM EDTA). Finally, the DNA was tested for ab- 
sence of nuclease by incubation at 37°C with restriction enzyme buf- 
fer. 

Construction of a gene bank from Serratia spp. A1 

The cloning vector plasmid pNU121 was used for the construction of a 
gene bank from Serratia spp. A1 . The plasmid is described in Exam- 
ple 1. 

pNU121 DNA with a unique EcoRI site in the Cj gene was digested 
with the restriction enzyme EcoR\ and mixed with Serratia spp. A1 
DNA partially digested with fcoRI. The DNA was ligated at 15°C 
overnight with T4 DNA ligase and transformed to f . coii strain 
MT102. Selection was made at 37®C on LB plates containing 8 yg/ml 
tetracycline so that only cells harbouring pNU121 with inserted DNA 
will give rise to colonies. Approximately 8,000 colonies representing a 
gene bank of Serratia spp. A1 were isolated by this procedure. 

Screening for lipase activity 

E. coll MT102 cells were transformed with the genomic bank of Serra- 
tia spp. A1 and cells carrying hybrid plasmids selected on LB plates 
with tetracyclin. Colonies were picked and transferred to microtiter 
dishes, each well containing A+B medium ^ 1% casamino acids ♦ thiamin 
and 200 mg/ml streptomycin and 8 ug/ml tetracyclin. Cells were grown 
overnight at 37°C and replicas were made of the dishes. The sub- 
strate for the lipase enzyme, p-nitrophenylpalmitate was first sus- 
pended in isopropanol at a concentration of 6 mg/ml. 10 ml of the 
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suspension was added to 90 ml 0.05 M phosphate buff r pH 8.0 con- 
taining 207 mg of sodium deoxycholate. 0.5 ml of this solution was 
added to each well in the dishes. Yellow colour in a well indicates 
presence of lipase activity. One such clone was obtained. DNA was 
5 prepared and used to transform f . coll CSH50, Transformants were 
lipase positive. One such clone was isolated and DNA was prepared. 
The selected clone did not exhibit protease, phospholipase or nuclease 
activity* 

The lipase-carrying plasmid pNU121-//p* 

10 Plasmid DNA isolated from the lipase positive clone consisted of 
pNU121 with an inserted EcoRI fragment of approximately 8.4 Kb. The 
hybrid plasmid is denoted pNU12T-//p . CEschenchia coll 
CSH50/pNU121-//p* was deposited in the DSM on May 8, 1985 under 
the Accession No. 3313.) 

15 Enzyme activities of lipase 

The action of lipase activity on the substrate p-nitrophenylpalmitate 
can be followed spectophotometrically at OD^^q. When both f . coll/- 

pNUl21-//p and Serratia spp. A7 were grown exponentially in A+B 
medium casamino acids and thiamin, the enzyme was shown to be 
20 present in the culture medium. 

EXAMPLE 6 

Preparation of chromosomal DNA from Serratia spp. A1 

A culture of Serratia spp. A1 [vide Example 5) was grown overnight 
in LB medium and harvested by centrifugation (8,000 r.p.m. for 5 
25 minutes). The cells were washed twice in TEN-buffer (10 mM 
Tris-HCi, pH 8, 1 mM EDTA, 100 mM NaCI) and resuspended in 20 ml 
TEN-buffer containing 1 mg/ml lysozyme and 0.1 mg/ml RNase. The 
cells were incubated at 37°C for 30 minutes and 20% SDS was added to 
a final cone ntration of 1%. After 60 minutes at a temperature of 37°C 
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(for total lysis), the lysate was incubated at 4®C overnight. Next day 
the cell debris was removed by c ntrifugation (18,000 r.p.m. for 25 
minutes). The supernatant was transferred to a new tube containing 
2 ml 3M sodium acetate and 2 volumes of isopropanol. Upon gentle 
mixing, the DNA precipitated in threads which were picked up by 
means of a curved glass needle. The precipitated DNA was washed 
twice in 80% ethanol and resuspended in TEN-buffer. The DNA was 
further purified by buoyant density gradient centrifugation, and after 
appropiate dilution it was extracted with phenol and dialysed against 
TE-buffer (10 mM Tris, HCI pH 8, 1 mM EDTA). Finally, the DNA 
was tested for absence of nuclease by incubation at 37°C with res- 
triction enzyme buffer. 

Construction of a gene bank from Ser ratio spp. A1 

The cloning vector plasmid, pNU121 (cf. Example 1), was used for 
the construction of a gene bank from Serratia spp. A1 (cf. Example 
5). 

pNU121 DNA with a unique EcoK\ site in the Cj gene was digested 
with the restriction enzyme EcoRI and mixed with Serratia spp. A1 
DNA partially digested with EcoRI... The DNA was ligated at IS^'C 
overnight with T4 DNA ligase and transformed to E. coli strain 
MT102. Selection was made at 37°C on LB plates containing 8 vg/ml 
tetracyclcn, so that only cells harbouring pNU121 with inserted DNA 
gave rise to colonies. Approximately 8,000 colonies representing a 
gene bank of Serratia spp. A1 were isolated by this procedure. 

Screening for phosphoiipase-positive clones 

E. coli MT102 ceils were. transformed with the genomic bank of Serra- 
tia spp. A1 and cells carrying hybrid plasmids selected on LB plates 
with tetracyclin colonies were replicated on egg yolk plates with 
tetracycline. A clearing zone around and a white precipitation on top 
of a colony indicates phospholipase activity. Fifteen such colonies 
were isolated, DNA was prepared and used to tranform CSH50, The 
phospholipase clone used was such a clone. The selected clone 
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pNU121-p/7/ exhibited only the phospholipase activity. ^Escherichia 
coli MT102/pNU121-p/?/* was deposited in the DSM on May 8, 1985 
under the Accession No. 3311.) 

The phospholipase carrying plasmids pNUlII-pAi/* and pOU57-p/i/* 

5 The plasmid DNA isolated from the phospholipase-producing clone, 
pNU121-pA?/'', consisted of pNU121 with a 3.2 Kb £coRI fragment 
inserted in the C| gene (Fig. 8). This £coRI fragment was cloned in 

the runaway plasmid pOU57. This runaway hybrid plasmid pOU57-p/3/* 
conferred the phospholipase phenotype to other £. co// strains, and 
10 elevated expression of phospholipase was observed when present in 
Serratia strains. [Escherichia coli S17-1/pOU57-p/i/* was deposited in 
the DSM on May 8, 1985 under the Accession No, 3312.) The phos- 
pholipase expression was amplified upon a temperature increase from 
30°C to 40*^0 in the tested strains. 

15 Enzyme activities of phospholipase 

When E. coli cells containing the plasmid pNU121-p/?/* were grown in 
A+B* 1% casamino acids and thiamin, or LB, the phospholipase is only 
detected in the culture medium after the culture has reached a cell 
density corresponding to 0.7 OD^^q units. The viability of the E- coll 
20 strain was by no means affected by the presence of the plasmid. 

The assay for phospholipase activity is based on reaction with egg 
yolk. Activity is assayed in 2% agarose gels containing egg yolk and 
chloramphenicol which inhibits growth of cells and protein synthesis 
in the gefs. 

25 Small wells were made in the gel into which 5 yX samples of super- 
natant (cells having been removed by centrifugation) of the growing 
culture were pipetted. 

The enzyme reaction with the egg yolk produced a clearing zone in 
the turbid gel. Enzyme diffusion speed, i.e. mm^ clearing zone per 
30 unit time, is used as a m asure of enzyme activity. M asurements of 
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phospholipas activity from growing cultures of 5.co///pNU121-p/j/* 
and Serratia spp. A1 are shown in Table 7. 

TABLE 7 

Activities of Phospholipase 

5 Culture Cell Density Extracellular 

OD^^ Phospholipase 
Activity: 
mmVhour 



10 MT102/pNU121-p/i/ 0.1 0 

0.5 0 

0.7 0.4 

0.9 0.7 

1.0 _ 0.9 

15 1.3 1.3 

1.4 1.5 

1.5 1.8 

Serratia spp. A1 0.^ 0 

0.5 0 

20 0.7 0.02 

0.9 0.10 

1.2 0.35 

1.8 0.90 

2.0 1.1 

25 



It appears that the E. coli culture secretes the enzyme to the culture 
medium more efficiently than Serratia. In both strains, the appearance 
of enzyme In the media is in the late exponential growth phase and 
. continues into the stationary phase. Presence of 1% glucose in the 
30 media efficiently blocks synthesis of the enzyme in both hosts (not 
shown). A minor amount of detergent in th culture media (0.5% 
Tween®80] has a stimulating effect on secretion (not shown). 
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DNA sequencing of the phospholipase clone 

The 3.2 Kb EcoR\ restriction fragment containing the phospholipase 
gene was sequenced using the "shot-gun" cloning method of Messing 
et al. [Nud. Acid Res. 9, 1981, p. 309) on the M13 phage deriva- 
5 tives Mp8 and Mp9 and the dideoxy chain thermination technique of 
Sanger et al. IProc. Natl, Acad. Set. USA 1981, p. 5463). In 

subcioning of the fragment, many different restriction enzymes were 
used: Sau3k, Taq\, Alu\, Rsa\, Sail, Sma\, Pstl, EcoRI, Pvu], 
BssHll and 5coRV. The entire sequence was established by merging 
10 the collection of small (100-300 bases) pieces of DNA sequence. Most 
of the sequence has been determined for both strands. 

The sequence (Fig. 9) shows a major reading frame which starts from 
the left end of the fragment, at position 416, passing the Saf\ site to 
position 1372 where it ends. 

15 Upstream of the frame is a Shine-Dalgarno homology (Shine, Dalgarno, 
Nature 254, 1975, p. 34) AAGGAG at position 405 immediately upstream 
of the ATG start codon. Upstream of the reading frame is a promoter 
region consisting of a -35 sequence CTGCC at position 351 and a -10 
sequence TATTTA at position 374, Upstream of the -35 sequence is a 

20 potential CAP-binding site from position 306 to 336. 

The sequence indicates the presence of a gene which encodes a 319 
amino acids protein with a predicted molecular weight of 34,056 daltons. 

Insertion of the DNA fragment from position 0 to the Pst\ site at 441 
upstream of the lac genes indicated the presence of a functional pro- 
25 moter in this DNA fragment. This promoter initiates lac expression at 
an OD^gQ of 0.7 in a. growing population of cells. Also this promoter 
was non-functional at any cell density In the presence of glucose, 
indicating catabolite repression probably mediated via the indicated 
CAP binding site. 

30 By subcioning it has been verified that the necessary genetic Infor- 
mation for the extracellular phospholipase activity is located within 
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the 1.2 Kb fragment from position 360 to the Fsp\ site at position 
1551, It was also found that, in keeping with sequence information, it 
was necessary to clone this fragment in front of a promoter in order 
to obtain phospholipase activity in E. coli cells. In this way, orienta- 
tion of the gene was also verified. The direction of transcription of 
the gene is from the left £coRI site to the Fsp\ site in keeping with 
sequence data. The promoter used was the temperature inducible 
system of cl857 and XpR. At 30°C synthesis of phospholipase in 
E. coil cell was very low as judged from the normal plate assay. At 
temperatures above 37^C, there was a large production of enzyme. 
The gene product of this 1.2 Kb DNA fragment has been identified 
both In vivo and In vitro by incorporating radioactively labelled me- 
thionine. By SDS-polyacrylamlde gel electrophoresis, the size of the 
gene product has been determined to 34 Kdalton, and it has been 
shown that in this gel system, phospholipase activity comigrates with 
the radioactively labelled 34 Kdalton protein. 
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CLAIMS 

1. A method of producing a bacterial enzyme, comprising cultivating, 
in a culture medium, a microorganism harbouring a hybrid plasmid 
which contains DNA from Serratia spp. encoding an extracellular 

5 Serratia spp . enzyme, and harvesting the enzyme from the culture. 

2. A method according to claim 1 of producing the bacterial enzyme 
substantially free from other bacterial proteins, in which the enzyme 
is excreted from the microorganism into the culture medium and is 
harvested from the culture medium. 

10 3. A method according to claim 1 or 2 wherein the Serratia spp. 
enzyme is a hydrolytic enzyme. 

4. A method according to claim 1 or 2 wherein the Serratia spp. 
enzyme is a Serratia spp. nuclease. 

5. A method according to claim 1 or '2 wherein the Serratia spp. 
15 enzymes is a Serratia spp. lipase. 

6. A method according to claims 1 or 2 wherein the Serratia spp. 
enzyme is a Serratia spp. phospholtpase. 

7. A method according to any of claims 16 wherein the microorganism 
is a bacterium. 

20 8. A method according to claim 7 wherein the microorganism is a 
gram-negative bacterium. 

9. A method according to claim 8 wherein the gram-negative bacterium 
is E, coii. 

10. A hybrid plasmid containing inserted DNA from Serratia spp. 
25 encoding an extracellular Serratia spp. enzyme. 
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11, A hybrid plasmid according to claim 10 wherein the Serratia spp. 
DNA is a DNA fragment which encodes a Serratia spp. nuclease. 

12. A hybrid plasmid according to claim 10 wherein the Serratia spp. 
DNA is a DNA fragment which encodes a Serratia spp. lipase, 

5 13. A hybrid plasmid according to claim 10 wherein the Serratia spp. 
DNA is a DNA fragment which encodes a Serratia spp. phospholipase. 

14. A hybrid plasmid according to any of claims 10-13 which is a 
plasmid with a conditionally uncontrolled replication behaviour. 

15. A microorganism which harbours a plasmid as claimed in any of 
10 claims 10-14. 

16. A microorganism according to claim 15 in which the gene product 
of the Serratia spp. DNA of the plasmid harboured by the microorga- 
nism is excreted from the microorganism into the culture medium. 

17. A microorganism according to claim 16 which is a bacterium. 

15 18. A microorganism according to claim 17 which is a gram-negative 
bacterium. 

19. A microorganism according to claim 18 which is an £. co//. 

20. A bacterial nuclease which is a Serratia spp, nuclease (including 
the N-terminal signal peptide) with the following amino acid sequence: 
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HetArgPheAsnAsnLysMetLeuAlaLeuValAlaLeuLeuFheAlaAlaGlnAlaSerA^ 

ThrLeuGluSerneAspAsnCysAlaValGlyCysProThrGlyGlySerSerAsnValSerlleValArg 

HisAlaiyrThrLeuAsnAsnAsnSerThrThrLysI^eAlaAsnTrpValAlaTyrHisUeT^^ 

IhrProAlaSerGlyLysThrArgAsaTrplysThrAspProAlaLeuAsnl^oAlaAsplhrl^u^^ 

AspiyrThrGlyAlaAsnAlaAlalfiuLysValAspArgGlyHisGlnAlaProUiiAlaSerUuAlaGl^ 
ValSerAspTrpGluSerLeuAsnTyrLeuSerAsnneThrProGlnLysSerAspLeuAsnGlnGlyAla 
TrpAlaArgl^uGltiAspGlnGluArgLysLeuneAspArgAlaAspUeSerSerValiyrXhrValThr 

GlyProLeuTyrGluArgAspMetClyLysLeuProGlyThrGliaysAlaMsThrnePro^ 

TtpLysValUeFheneAsnAsnSerProAlaValAsnHisTyrAlaAlaFhel^uFheAspGli^ 

ProLysGlyAlaAspPheCysGlnl^eArgValThrValAspGluneGluLysArgThrGlyLeuIlelle 

TrpAlaGlyLeuProAspAspValGlnAlaSerLeuLysSerLysProAlaSerCysArgSeij 

21. An enzyme according to claim 20 which is in substantially pure 
form. 

22. An enzyme according to claim 20 or 21 which is immobilized on a 
matrix. 

23. A phospholipase which is a Serratla spp. phosphollpase encoded 
by the following DNA sequence: 
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MGACrAIQCOTXAAGTimCCTClXMIAffrATCa 
titlCTCAT^GA&ATICAAAAlX^^ 

OGACCAGCCGCXAXA GAGTCOrc(XXXn)(XXnXX:CGCCm:GTCGCGGCCCGCACTO^ 

ttCAACCGCAAG^^ CIGCCCGATACTGCIACACGTCATC 
GACOGCCCGIGG(XCX(X^ 

GGCnXXmCCTXXSAGCGACIACGGCCTACXXaaWXXXX^^ 

GACCGC(XKX7IC GTnVJA G\CCIA^ r<X:CGCGTGCQ(7lh(X:t(^ 

TGGGAGGCGAACXX:CAATGOC(C£| 
iyCCCTOCXXnnCCGGTXACGGACT 



24. A composition for removing nucleic acids from a biological mate- 
rial, which composition comprises a Serratia spp. nuclease. 

25. A composition according to claim 24, in which the Serratia spp, 
nuclease is the nuclease according to claim 20. 
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26. A composition according to claim 24 or 25 which is substantially 
free from proteolytic activity. 

27. A composition which comprises a nuclease and a detergent and/or 
a chaotropic agent. 

5 28. A composition according to claim 27 in which the detergent is 
selected from non-ionic detergents such as polyoxyethylene alcohols, 
e.g. Brij® 58, or octoxynols, e.g. Triton® X-100, or ionic detergents 
such as sodium dodecyl sulphate or deoxycholates such as sodium 
deoxycholate. 

10 29. A composition according to claim 27 in which the chaotropic agent 
is selected from urea, thiourea or a salt of thiocyanic acid. 

30. A composition according to any of claims 27-29 in which the nu- 
clease is a Serratia spp. nuclease. 

31. A composition according to claim 30, in which the Serratia spp. 
15 nuclease is the nuclease according to claim 20. 

32. A method of removing nucleic acids from a biological material, in 
which a Serratia spp. nuclease is added to the biological material. 

33- A method according to claim 32, in which the biological material 
comprises a solution of nucleic acids. 

20 34. A method according to claim 32, in which the biological material 
comprises a fermentation medium containing a cell culture producing a 
biosynthetic product. 

35. A method according to claim 32, in which the biological material 
comprises a fermentation medium in which a ceil culture producing a 
25 biosynthetic product has been grown. 

3G. A method according to claim 32, in which the biological material 
comprises a suspension of a cell culture producing a biosynthetic 
product. 
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37. A method according to claim 34 or 36, in which the nucleas is 
added to the biological material prior to cell lysis, 

38. A method according to any of claims 32-37, in which the Serratla 
spp. nuclease is the nuclease according to claim 20. 

5 39. A method of removing residual nucleic acids from a biosynthetic 
product, In which a nuclease is added together with a detergent 
and/or a chaotropic agent. 

40. A method according to claim 39, in which the nuclease is a Ser- 
ratla spp. nuclease. 

10 41. A method according to claim 40, in which the Serratia spp. nucle- 
ase is the nuclease according to claim 20. 

42. A method according to any of claims 39-41, in which the deter- 
gent is selected from non-ionic detergents such as polyoxyethylene 
alcohols, e.g. Brij® 58, or octoxynols, e.g. Triton® X-100, or ionic 

15 detergents such as sodium dodecyl sulphate or deoxycholates such as 
sodium deoxycholate. 

43. A method according to claim 41, In which the non-ionic detergent 
is added in an amount of 0.2-1.5%, preferably about 0.4-1.0%, of the 
biosynthetic product. 

20 44. A method according to claim 42, in which the ionic detergent is 
added in an amount of 0.01-10% of the biosynthetic product, 

45. A method according to any of claims 39-41, in which the protein 
denaturing agents is selected from urea, thiourea or a salt of thio- 
cyanic acid« 

25 46. A method according to claim 45, in which the protein denaturing 
agent is added in an amount of 2-8 M. 
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47. A plasmid comprising a regulatory region from which expression 
of a gene located downstream of said regulatory region is initiated or 
increased at a late stage in the growth cycle of microorganisms har- 
bouring the plasmid. 

5 48. A plasmid according to claim 47, in which the gene is a gene not 
naturally related to the regulatory region, 

49. A plasmid according to claim 47, in which the gene comprises a 
replication regulatory gene of the plasmid. 

50. A plasmid according to any of claims 47-49, in which the regula- 
10 tory region is obtained from Serratia spp. 

51. A plasmid according to claim 50, in which the regulatory region is 
a nuclease or phospholipase regulatory region from Serratia spp. 

52. A microorganism harbouring a plasmid according to any of claims 
47-51 . 

15 53. A microorganism according to claim 52 which is a bacterium, 

54. A microorganism according to claim 53 which is a gram-negative 
bacterium. 

55. A microorganism according to claim 54 which is E. co//. 
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